The extent to which a hospital works toward a latex minimal environment likely reflects the perceived and real magnitude oflatex allergy within its particular institution.
during use of the product (Tomazic, 1994) . The manufacturing of some latex products such as gloves, balloons, and condoms involves a process of dipping which consequently exposes users to higher quantities of latex protein (Bykowsky, 1996; Heinzerling, 1996) . Dipping involves the use of glove shaped molds dipped into the liquid latex to form the glove. Dipped products expose users to higher quantities of latex because of the large surface area to volume ratio of the gloves, therefore, increasing the risk of sensitization or reaction. Powder such as cornstarch often is used in latex gloves to keep the surfaces from sticking together. This feature makes it easier for users to don the latex gloves. In those gloves to which powder is added, the latex is absorbed readily into the powder. The use of powder in latex gloves provides the possibility of exposure through inhalation (Bykowsky, 1996) . The excellent characteristics of latex have been significant in the widespread use of latex gloves (Charous, 1994) . These characteristics include tactile qualities, comfort, barrier protection, and sterility, many of which are not characteristic of nonlatex gloves. Other excellent characteristics are resealability and flexibility (Korniewicz, 1995) .
Latex has been used widely for many products other than gloves. In health care, products containing latex include gloves, urinary and intravenous catheters, tape adhesive, intravenous (IV) tubing ports, syringe plungers, IV bag and medication vial needle ports, masks, and booties (Bernstein, 1996) , to name a few. In the home, latex is found in disposable diapers, toys, condoms, diaphragms, balloons, and carpet padding (Bernstein, 1996) . Latex also is found in pacifiers, bottle nipples, sneakers, and automobile tires (Bykowsky, 1996) , raincoats, boots, and play jewelry (Young, 1992) .
LATEX ALLERGY
Two main types of allergic reactions to latex include Type I, an immediate reaction, and Type IV, a delayed response. Type I is an immune response to a foreign substance characterized by the synthesis of Immunoglobulin E (lgE) which is attracted to mast cells and basophils (Personius, 1995) . InType I, the immune system makes IgE antibodies on exposure to the latex allergen (Booth, 1996) . The immune system prepares to react immediately to the offensive substance (i.e., latex) the next time the body comes into contact with the allergen (Strzyzewski, 1995) . When sensitized individuals are exposed again to the latex allergen, they develop allergic symptoms such as wheals or reddening of the skin, blistering, or wheez-620 ing (Booth, 1996) . Type I immediate hypersensitivity is the least common and most life threatening. Immediate hypersensitivity is characterized by excessive lacrimation, scleral edema, bronchospasms, angina, tachycardia, progressively severe hypotension, and many other symptoms (Bernstein, 1996) .
Type IV delayed hypersensitivity reaction to latex involves activation of the T lymphocytes and results in tissue damage (Booth, 1996) . Sensitization to latex in health care workers is a result of the frequent use of high protein, high antigenic, powdered latex gloves (Sussman, 1995b) . Type IV reactions to latex often are mistaken for irritant contact dermatitis versus allergic contact dermatitis, which results in underreporting (Booth, 1996) . The allergic responses commonly associated with Type IV reactions include contact dermatitis, erythema, vesicular lesions, contact urticaria, and eczema (Bernstein, 1996) . The delayed allergic response to latex is primarily dermal in nature (Aamir, 1996) .
LATEX ALLERGY SYMPTOMS
Health care workers have reported reactions to latex ranging from contact dermatitis to severe anaphylaxis (Asa, 1994 , Taylor, 1996 . Reported signs and symptoms of IgE mediated latex allergy include contact urticaria (e.g., itchy skin, hives), rhinitis (e.g., sneezing, watery eyes, nasal congestion), asthma (e.g., inflamed, constricted airways, wheezing, difficulty breathing), and anaphylaxis (e.g., hypotension, circulatory collapse, death) (Miguel, 1996) . Turjanmaa (1996) found mucosal swelling is a common symptom after oral, vaginal, or rectal exposure to natural rubber latex products.
General signs and symptoms of an allergic reaction include edema and itching around eyes, rhinitis, nasal itching, sneezing, urticaria, dermatitis, wheezing, shortness of breath, asthma, hypotension, and anaphylactic shock (Reis, 1994) . In individuals with sensitization to latex, immediate allergy or anaphylactic shock may develop when they are reexposed to latex through the use of gloves, surgery, or some other invasive procedure (Mizutari, 1995; Young, 1992) . A study by Hunt (1995) reported many common signs and symptoms in an employee population. Employees reported outbreaks of pruritis and hives on skin contact areas, sneezing, nasal pruritis, congestion, cough, wheezing or dyspnea, generalized flushing or itching with dyspnea, or hypotension when exposed to latex (Hunt, 1995) . Delbourg (1996) and Bykowsky (1996) reported symptoms related to latex allergy to be asthma, contact urticaria, rhinoconjunctivitis, pruritis, edema, erythema, anaphylaxis, conjunctivitis, eczema, and rhinitis. Other allergic responses to latex allergy include angioedema and laryngeal edema (Brugnami, 1995) .
ALLERGY ASSESSMENT
It is important to obtain a complete history of allergic symptoms when assessing an individual for latex allergy. Several fruit allergies have been reported to cross react with natural rubber latex including banana, avocado, chestnut, tomato, kiwi, melon, pineapple, peach, and papaya (Turjanmaa, 1996) . Another study noted food allergies associated with latex allergy were apricot, celery, fig, grape, and passion fruit (Williams, 1994) . Huang (1996) stressed the importance of asking questions about a history of swelling or itching after blowing up a balloon, dental examinations, contact with rubber gloves, vaginal or rectal examinations, using condoms or diaphragms, or using any other rubber products. Huang (1996) also found clients with a history of hand eczema, previous unexplained anaphylaxis, or multiple surgical procedures are at increased risk for developing latex allergy. Hunt (1995) found that among sensitized employees, 78% reported contact urticaria from rubber gloves. The same study reported two thirds of the individuals studied complained of allergic rhinitis, conjunctivitis, or asthma when working in areas in which large numbers of gloves were used.
EXPOSURE ROUTES
Five routes of exposure to latex can result in sensitization and subsequent Type I response. The five routes include cutaneous, mucous membrane, inhalation, internal tissue, and intravascular (Steelman, 1995; Kinnaird, 1995) . The symptoms experienced with exposure to natural rubber latex usually are a result of direct contact with latex. However, exposure also can be through inhalation (Turjanmaa, 1996) . The mucous membrane exposures include the mouth, nose, genitals, bladder, and rectum (Kinnaird, 1995) . Powdered gloves increase the airborne protein health care providers inhale (Asa, 1994) . The powder in most latex gloves is made of cornstarch. Cornstarch particles transport the latex allergen into an individual's respiratory tract during inhalation (Tomazic, 1994) . Nutter (1979) noted the first report of IgE allergy to natural rubber latex. Reports of anaphylaxis from latex increased in the late 1980s after the Occupational Safety and Health Administration (OSHA) mandated regulations for blood borne pathogens (Barton, 1993) .
LITERATURE REVIEW
In a study reported in 1992,48% of everyday glove wearers reported symptoms associated with latex allergy, while 24% of occasional glove wearers reported symptoms (Lagier, 1992) . This study examined the prevalence of latex sensitivity in operating room nurses. The authors used a questionnaire as well as skin prick tests. Among atopic nurses with urticaria, 70% had latex allergy (Lagier, 1992) .
In a study conducted at Mayo Medical Center, 30% of the employees (N = 104) who reported symptoms associated with latex allergy were found to be latex allergic (Hunt, 1995) . Three hundred forty-two consecutive employees who reported symptoms associated with latex allergy underwent an interview and a skin prick test with latex glove extract. The researchers believed their findings were representative of a local epidemic among the medical center employees. Mitzutari (1995) conducted a study at Kumamoto University Hospital in Japan. Of the employees tested, 8.5% had an immediate allergy to latex, and 9.4% had a delayed allergy (Mizutari, 1995) . This study used a ques-NOVEMBER 1999,VOL.47, NO. 11 tionnaire among 2,408 health care workers. Individuals reporting an immediate allergy to latex were tested for latex specific IgE using a RAST (radioallergosorbent test) test.
A study of housekeeping personnel regularly exposed to latex showed an 8% prevalence of a positive skin test for latex (Sussman, 1995b) . Fifty members of a Toronto Hospital housekeeping staff were screened with a questionnaire for latex allergy. Those with a history of atopy or other symptoms suggestive of latex allergy were tested with a skin prick test.
Half of the employees in a study conducted at the Mayo Medical Center had experienced contact dermatitis of the hands preceding or simultaneous with the development of IgE mediated symptoms of latex allergy (Hunt, 1996) . The researchers examined the specifics of the latex sensitive individuals listed in a latex allergy registry at Mayo Medical Center. This registry was developed after the latex allergy epidemic at the Medical Center between January 1990 and June 1993 (Hunt, 1995) .
A study conducted by Konrad (1997) with anesthesia staff showed 15% of the anesthesiologists studied had a positive skin test to latex. This was the first epidemiological study of latex allergy among anesthesia staff. The researchers used a questionnaire, a skin prick test, a scratch test, and an IgE analysis.
LATEX ALLERGY RISK FACTORS
The mandatory implementation of universal precautions in 1988 greatly increased the number of reported allergies to latex (Beezhold, 1992) . The increase in daily glove use along with frequent changing of gloves resulted in an increase in contact with or inhalation of latex. These factors result in increased sensitization and subsequently an increase in occupationally acquired allergy to latex (Bubak, 1992) . One study reported 62.5% of the latex allergy positive individuals had a history of atopy (Reinheimer, 1995) . Atopy is an allergic predisposition that increases the risk of developing a latex allergy in sensitized health care workers by 24% (Sussman, 1995a) . A history of hand dermatitis and food allergies has been identified as risk factors for the development of latex allergy (Sussman, 1995a) . Specific food allergies cross reactive with latex allergy mentioned earlier include banana, kiwi, avocado, chestnut, and papaya (Bykowsky, 1996) .
Several populations are at increased risk for developing latex allergy including people with multiple surgical procedures, people with spina bifida, health care workers (Bykowsky, 1996; Korniewicz, 1995) , workers in glove manufacturing plants (Brugnami, 1995; Korniewicz, 1995) , and individuals who require daily catheterizations (Heinzerling, 1996; Korniewicz, 1995) . The risk for people with spina bifida increases in relation to the number of surgical procedures performed before age 1 (Bykowsky, 1996) , as well as the frequency of catheterizations, enemas, rectal disimpactions, and multiple surgical procedures (Steelman, 1995) . Heinzerling (1996) identified the female gender as being a risk factor for the development of latex allergy. The researchers reported 75% of the latex allergic population is female (Heinzerling, 1996) . The question arises whether this percentage correlates with the percentage of women in each of the high risk populations. Other populations reported to be at higher risk for developing latex allergy include glove wearing dietary workers and children who play with rubber toys (Turjanmaa, 1996) .
The hand soaps, lotions, and barrier creams used by health care workers with frequent glove use increase the leaching of protein from gloves (Asa, 1996) . The frequency of hand washing necessary for health care workers increases the potential for skin irritation. Skin irritation increases the risk of sensitization to latex (Bykowsky, 1996) . It is reported occupational exposure in health care workers occurs through the skin of gloved hands (Kinnaird, 1995) . In addition, warm wet skin absorbs the latex proteins better than dry skin (Kinnaird, 1995; Meeropol, 1996) . The presence of dermatitis may facilitate the absorption of the water soluble antigen in latex, leading to sensitization (Mizutari, 1995) . The continual exposure to latex in sensitized individuals can lead to generalized IgE response (Huang, 1996) .
A study conducted by Hunt (1995) listed frequent use of disposable gloves, the presence of prior atopic disease, and prior or current hand dermatitis as the highest risk factors for developing latex allergy. The same study found individuals with jobs requiring frequent glove changes were more likely to have latex sensitization (Hunt, 1995) . This likely could be attributed to elevated levels of latex particles in ambient air. Hunt (1996) reported latex allergic workers had a history of using 30 to 50 pairs of gloves per day. Lagier (1992) reported the length of exposure to latex had no influence on the prevalence of symptoms. In contrast, Mizutarl (1995) reported the frequency of rubber glove use was positively correlated with the rate of allergic reaction. It is not clear in Lagier's (1992) study whether the length of exposure refers to use over time or the length of time a single pair of gloves is worn.
PREVENTING EXPOSURE
Avoiding latex is the best way to prevent sensitization and subsequent latex allergy (Sussman, 1995a) . Unfortunately, avoidance of latex may be neither possible nor practical in the current health care system. However, several ways exist to minimize exposure to latex allergens. It is important to select products with low allergen content. Manufacturers need to decrease the protein allergen in latex products to prevent sensitization of predisposed workers (Sussman, 1995b) . When possible, atopic individuals should wear a nonlatex liner inside latex gloves; a cotton liner has been used by some (Reis, 1994) . It is important for individuals wearing latex gloves not to touch others who do not need to be touched (Strzyzewski, 1995) . In addition. they should eliminate the unnecessary use of gloves (McCormack, 1995) and wear gloves only when necessary to prevent exposure to body fluids or harmful chemicals (Strzyzewski, 1995) . Open boxes of latex gloves should not be stored in places where latex sensitive or allergic clients or workers may be (Korniewicz, 1995) In addition, only low natural rubber latex allergen gloves should be worn by coworkers of health care workers with 522 latex allergy (Taylor, 1996) . Powder free latex gloves are the better choice if latex gloves are used. Because powder is aerosolized when gloves are removed from a box or from hands (Steelman, 1995) , minimizing use of powdered latex gloves decreases the potential for airborne latex allergens (Korniewicz, 1995) .
It is important to educate all who use latex products, especially powdered latex gloves, to wash their hands thoroughly and promptly after using these products (McCormack, 1995) . Effective hand washing is essential for preventing the spread of latex glove powder to other surfaces and other people. Family members can be affected through contact with health care workers who return home with latex glove powder on their hands and clothing (Steelman, 1995) .
Latex free gloves including vinyl, plastic, and silicone gloves are available on the market. However, latex free gloves may not provide adequate barrier protection from viral particles (Bykowsky, 1996) . Most nonlatex gloves also are significantly more expensive than latex gloves (Bykowsky, 1996) , without providing the same degree of protection or tactile sensitivity, Reddy (1998) listed severallatex free gloves and a cost comparison to latex gloves. Vinyl gloves from three manufacturers were listed as comparable in price to latex gloves. Of the 11 brands of gloves listed, the others were between 2 and 10 times more expensive than latex gloves (Reddy, 1998) . If latex gloves are used, the ideal latex glove would be powder free, have little or no latex protein, and contain little or no chemicals known to cause type IV reactions (Barton, 1993) .
No immunotherapeutic regimens currently are available to prevent the development of this allergy. The production of a purified latex allergen could be very useful for immunotherapy (Turjanmaa, 1996) . Until such immunotherapeutic regimens are available for desensitization, all atopic clients regularly exposed to latex should be screened for latex allergy before undergoing general anesthesia and surgery (Sussman, 1992) .
NIOSH RECOMMENDATIONS
The National Institution of Occupational Safety and Health (NIOSH, 1997) has published recommendations to employers and employees of institutions in which latex is used. These recommendations are based on the available literature on latex allergy. The following guidelines are directed toward employers and are useful to have within the institution's policy and procedures related to latex exposure and latex allergy: • Provide workers with nonlatex gloves when there is little potential for contact with infectious material.
• When latex gloves are used, provide reduced protein, powder free gloves to protect workers from infectious materials.
• Ensure workers use good housekeeping practices to remove latex dust from the workplace. • Provide workers with education programs and training materials about latex allergy.
• Periodically screen high risk workers for latex allergy symptoms. Detecting symptoms early and removing symptomatic workers from latex exposure are essen-tial for preventing long term health effects.
• Evaluate current prevention strategies whenever a worker is diagnosed with latex allergy. The recommendations in the Sidebar on this page are directed toward employees (NIOSH, 1997).
MANDATORY LABELING OF PRODUCTS CONTAINING LATEX
The FDA has issued a ruling requiring labeling statements on medical devices and device packaging containing natural rubber latex effective September 30, 1998. All medical devices containing natural rubber latex that contact humans must state in bold print: "Caution: This Product Contains Natural Rubber Latex Which May Cause Allergic Reactions." This rule also requires any medical devices containing natural rubber latex in their packaging to be labeled in bold print: "Caution: The Packaging of This Product Contains Natural Rubber Latex Which May Cause Allergic Reactions" (Natural Rubber Containing Medical Devices: User Labeling, 1997).
The FDA also has banned the use of the term "hypoallergenic" on the labeling of any product containing natural rubber latex (Natural Rubber Containing Medical Devices: User Labeling, 1997). The term hypoallergenic formerly found on many products containing latex implied even atopic individuals could use the product with minimal risk. Because individuals vary in the amount of latex exposure needed to elicit an allergic reaction, this type of labeling provided false security.
TESTING FOR LATEX ALLERGY
A combination of laboratory data and health history data provides the highest indication of a positive result for individuals with latex allergy (Fein, 1996) . Several tests for latex allergy have been reported in the literature. However, no standards exist concerning the concentration or the antigenicity of the latex in the test solutions (Konrad, 1997) .
The two main types of tests for latex allergy include in vivo and in vitro testing. In vivo testing involves exposing the individual to latex antigens. The tests used with this method are the skin prick test, the glove use test (Fein, 1996) , and patch testing (Bernstein, 1996) . The glove use test starts cautiously with a finger of a glove (Turjanmaa, 1996) . Skin testing is considered by some to be the most reliable for detecting latex specific IgE, but they acknowledge adverse reactions to the test are a potential risk (Fink, 1996) . The advantages of the skin prick test include availability, low cost, quick results, and high sensitivity of the test (Young, 1992) . The disadvantages of skin prick testing include the potential for an anaphylactic response to the latex antigen (Young, 1992) . Patch testing involves taping a piece of a latex glove to a client's back for a few days. A positive result is indicative of a Type IV latex allergy. Currently no FDA approved latex skin tests exist (Melton, 1997) .
In vitro testing does not expose the individual to the latex antigen during the test. A sample of blood is obtained from the individual in question, and then the test is performed on the blood. 3. Use appropriate work practices to reduce the chance of reactions to latex:
• When wearing latex gloves, do not use oil based hand creams or lotions.
• After removing latex gloves, wash hands with a mild soap and dry thoroughly.
• Use good housekeeping practices to remove latex dust from the workplace. This includes frequent cleaning of upholstery, carpets, and ventilation ducts, and frequent changing of ventilation filters and vacuum cleaner bags used in latex contaminated areas.
4. Take advantage of all latex allergy education and training provided by your employer:
• Become familiar with procedures for preventing latex allergy.
• Learn to recognize the symptoms of latex allergy.
5. If you develop symptoms of latex allergy, avoid direct contact with latex gloves and other products containing latex until you can visit a physician experienced in treating latex allergy.
6. If you have latex allergy, consult with a physician about the following:
• Avoid contact with latex gloves and other latex containing products.
• Avoid areas where you may inhale the powder from latex gloves worn by other workers.
• Tell your employer and your health care providers about your latex allergy.
• Wear a medical alert bracelet.
7. Carefully follow your physician's instructions for coping with allergic reactions to latex.
From NlOSH, 1997. is the RAST (Bernstein, 1996; Fein, 1996) . Other examples of in vitro testing include the ELISA (enzyme linked immunosorbent assay) and the AlaSTAT (Diagnostic Products Corporation, Los Angeles, California) (Bernstein, 1996) . The literature reports no advantages or disadvantages between the various available in vitro tests. Literature reviewed for this article did not include a comparison between in vitro tests. Only one in vitro test was used throughout a given study.
IMPLICATIONS FOR SENSITIZATION
Preventing exposure through avoidance is the best option for individuals with latex sensitivity (Bykowsky, 1996; Ebo, 1995; Lu, 1995; Young, 1992) . Latex desensitization currently is not an option (Bykowsky, 1996) , and prophylactic medications are not provided to individuals with latex allergy (Young, 1992) . Because latex is almost impossible to avoid, there are other suggestions for decreasing the risk of sensitization.
Manufacturers need to outline and label the material composition of their gloves clearly. The label hypoallergenic is not effective enough (Sussman, 1995a) and is no longer allowed under FDA regulations. Speculation by researchers has occurred about the relationship between quality of available gloves and increase in reports of latex allergy. Huang (1996) suggested the high demand for latex gloves may have encouraged manufacturers to shorten the curing process of glove manufacturing, therefore, allowing too much latex protein to remain in the final product. Vessey (1993) hypothesized the high demand for latex gloves in the late 1980s found many companies without adequate quality controls, resulting in an inferior product. It is important for consumers to insist on accurate labeling.
Another option for individuals with latex allergy is to use nonlatex substitutes usually made of plastic, vinyl, or silicone (Kinnaird, 1995) . However, cost can be a significant issue when replacing regularly used products containing latex with nonlatex products. For example, a pair of sterile nonlatex gloves is 2 to 10 times more expensive than a pair of sterile latex gloves (Reddy, 1998) .
When considering the cost of nonlatex alternatives, it is important to weigh the cost of health care for individuals with latex allergy. The cost of health care for these individuals far outweighs the cost of synthetic, powder free, and low protein latex gloves and other medical products (Bernstein, 1996) . In addition to the cost of health care, individuals with latex allergy may need vocational retraining to an alternate job with no latex exposure (McCormack, 1995) . Disability issues and payments for individuals with latex allergy have not been defined clearly at this point. However,symptomatic employees have been receiving worker's compensation benefits (Kohn, 1999) .
Individuals with Type I latex allergy should wear a Medic Alert bracelet and carry an epinephrine auto injection kit at all times (Barton, 1993; Huang, 1996) . It is also wise for individuals with latex allergy to carry nonlatex gloves in case of an emergency (Huang, 1996; Young, 1992) .
EDUCATION IS ESSENTIAL
Public awareness education is necessary to encourage individuals who are symptomatic to seek health care consultation for their problem (Hunt, 1996) . Occupational and environmental health nurses have an important role in the education of employees and management. The nurse also can influence health care agency policies relating to health care workers, clients, and their families. It is important to educate allergic clients and their families about latex allergy and provide a list of common latex products and their nonlatex substitutes (Huang, 1996) .
Health care workers also need to be educated about latex allergy and the implications of this allergy. In a study reported in 1996, 62% of health care providers were not aware of the possibility of latex allergy in themselves or their clients (Safadi, 1996) . Without knowledge about the seriousness of latex allergy, health care workers and the general public are not prepared to minimize their exposure and sensitization to latex.
Health care agency policies must address clients and employees with known latex allergy as well as those at high risk for developing latex allergy (Kinnaird, 1995) . When clients with known latex allergy are admitted for surgery, it is important to have them scheduled as the first surgery case of the day in a room in which latex products have not been used for many hours (Korniewicz, 1995) . Many hospitals already have latex free supply carts available for the care of latex allergic clients. The availability of such supplies is crucial, especially in emergency situations. Policies for health care workers must outline the steps the health care facility will take to educate and inform employees about products containing latex. It is also important to outline the steps for handling employees with latex allergy or who develop latex allergy during the course of employment.
The nurse can keep the employees and management updated about regulations and recommendations related to the use of products containing latex. More data related to the history of latex allergy are needed. More consistent methods also are needed to measure the proteins causing latex allergy (NIOSH, June 1997) . Nurses in the workplace can influence the implementation of present and future regulations within their employment settings.
